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ABSTRACT  
Brandy Whitney, PT MSPT. Boulder Community Hospital Mapleton Center Neurologic 
and Orthopedic Rehabilitation. Bwhitney@bch.org 
Background and purpose 
People diagnosed with a Traumatic Brain Injury (TBI) usually have physical, cognitive, 
emotional, and sleep deficits.  Sensory overload is a common symptom of TBI. One 
treatment prescribed for sensory overload is over the counter ear filters. Ear filters have 
shown to decrease sensory input.  Could the ear filters have an effect on balance and 
dizziness without much cost to the patient or the clinic? 
Subjects 
Patients diagnosed with a mild or moderate brain injury, ages of 18-65 years old.  They 
needed to be medically stable, potential to walk, and have complaints of dizziness and/or 
balance problems.  
Methods 
The Bohannon Timed Stance Battery, Berg Balance Scale and the Dynamic Gait Index 
are measured and Activities Specific Confidence Scale, Dizziness Handicap Inventory, 
the Vestibular Disorders Activities of Daily Living Scale and Fear of Falling Avoidance-
Behavior Questionnaire are given. Over the counter ear filters are prescribed for use 
during vestibular rehabilitation either during the initial evaluation or one week later. 
Results 
Not enough subjects to perform an appropriate mixed factorial analysis; however, they do 
give an indicator of the probable effect sizes to power a future study. 
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Discussion/Conclusion 
The results did not demonstrate a difference with the use of ear filters because of 
inconclusive data.  Not enough time between immediate and delayed use of ear filters 
was seen for a favorable conclusion of usage. 
KEYWORDS.  Vestibular rehabilitation, Traumatic Brain Injury, dizziness. 
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INTRODUCTION 
Traumatic Brain Injuries (TBI) are becoming medically acknowledged by an increase of 
explosive events involving soldiers and professional football players speaking out on 
their concussions and brain injuries. TBIs also occur from motorized vehicle accidents, 
falls and from other sports such as biking, hockey, skiing and soccer. A concussion used 
to be thought of as a minor incident, with little or no repercussions, whereas a TBI was 
thought to have an increase of severity.  A loss of consciousness was also equated to the 
severity of the concussion. Only 10% of concussions result in loss of consciousness.  A 
concussion is often not the result of one large impact, but a series of small collisions to 
the head.1 Due to impairments, and signs and symptoms associated with a concussion, the 
Centers for Disease Prevention now classifies a concussion as a TBI.1 Concussion is 
defined as a complex pathophysiological process affecting the brain induced by traumatic 
biomechanical forces. A TBI is caused by a bump, blow or jolt to the head or a 
penetrating head injury that disrupts the normal function of the brain. It should be noted 
that not all blows or jolts to the head result in a TBI. The severity of a TBI may range 
from “mild,” i.e., a brief change in mental status or consciousness to “severe,” i.e., an 
extended period of unconsciousness or amnesia after the injury.1-2 
 
With a “simple concussion,” there are bigger implications if there is a second head injury 
within a short period of time, as the brain has not fully recovered. This is known as 
“Second Impact Syndrome”.1 In the fall of 2004, Jake Snakenburg, a freshmen, high 
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school football player in Colorado, died from Second Impact Syndrome.  He sustained a 
head injury one week prior to his second head injury.  His symptoms were not recognized 
and he was still permitted to play football. During his last game prior to his death, he 
sustained another head injury while playing football, collapsed, and never regained 
consciousness.  That incidence portrayed the seriousness of brain injuries to change 
Colorado’s legislation. On January 1, 2012, the law required all Colorado children ages 
11-18 who sustain a concussion to undergo medical clearance prior to return to play.  
 
Physical therapists play an important role in recovery of patients suffering a head injury.  
TBIs may have no apparent physical evidence, therefore assessing when athletes or other 
individuals can return to play or work can be an imperative decision. Managing the 
sequella of TBIs requires specialized neurological therapists who recognize, evaluate, and 
provide therapeutic interventions.  Depending on the level of impairment, a speech and 
language pathologist and/or an occupational therapist may be treating the individual as 
well. There are four major categories of a concussion, which include physical, sleep, 
behavior, and cognition. Each of the categories include a graded set of clinical symptoms 
which may or may not include loss of consciousness. The signs and symptoms associated 
with each category of traumatic brain injury are of a TBI are:1-2 
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Physical  Headache, fatigue, dizziness, imbalance, nausea, light sensitivity, noise 
sensitivity 
Sleep Drowsiness, difficulty falling asleep, sleeping more or less than typical 
Behavior Irritable, emotionally labile, depressed, anxious, sad 
Cognition Delayed reaction time, memory deficits, “brain fog”, poor concentration 
 
Dizziness and balance are common complaints after an injury.3-9 In the physical category, 
dizziness and balance usually refer to the vestibular system. The vestibular system 
monitors position of the head in space and distinguishes body movement from 
surrounding visual movement.  It is also connected to the auditory, visual, proprioceptive, 
and motor systems, which are critical for multisensory functioning. All movements 
whether they are static or dynamic are influenced by the vestibular system.  When there 
are deficits to the vestibular system, fear of increasing the symptoms affects everyday 
activities, ability to work, social relationships, and quality of life. Another symptom 
experienced is sensory overload.5 The brain has the ability to process competing 
stimulation and filter information as important or unimportant. For example, one may 
walk into a coffee shop and be able to process how many people are in the shop, the level 
of noise and notice details such as the smell, the temperature, the lighting before he 
orders a cup of coffee. Someone how has sensory overload has difficulty processing the 
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details previously mentioned.   Their brain is healing and is therefore unable to handle all 
the information and being bombarded by certain environments, such as busy coffee shops. 
A study done by the Speech and Language and Hearing Sciences, the Neuroscience 
Program, and the Department of Psychology at the University of Colorado Boulder on the 
use of ear filters to decrease sensory overload for those diagnosed with a TBI.10 There has 
been research by speech and language pathologists on the use of ear filters to decrease 
sensory overload for those diagnosed with a TBI.  The auditory processing appears to be 
decreased by using ear filters in order to decrease the hypersensitivity experienced by 
these individuals. The results showed significant decrease in hearing difficulties in all 
environmental situations such as work, home, car and restaurants as well as family 
interactions.10   With such favorable conclusions, there is a question of whether the 
vestibular component is also improved with the use of ear filters. Since the vestibular 
system is connected to the visual, auditory, proprioception and motor systems, could 
using a simple device of ear filters improve balance and decrease dizziness?   
 
When reviewing the literature, vestibular deficits and TBI have limited treatment options.  
Much more literature is either addressing vestibular component or the TBI, but not 
together.  The vestibular deficits are much more complicated among the TBI population.  
Their needs are much greater and sometimes require a rehab team of a speech and 
language pathologist, occupational therapist, physical therapist and possibly a trauma 
counselor.  Since there has been positive research on ear filters and TBIs, why not see if 
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there is any measurable improvement in balance and dizziness.  Could a simple device be 
used for both auditory and balance processing recovery?  If the ear filters show to have 
significant difference on the vestibular symptoms, this could be implemented into a 
treatment plan with little cost to the patient or the clinic.       
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METHODS 
Patients included in this study were diagnosed with either a mild or moderate brain injury 
between the ages of 18-65 years old.  They needed to be medically stable and have the 
potential to walk. They had to have been referred to Mapleton Neurotrauma Outpatient 
Rehabilitation at Boulder Community Hospital by a physician for outpatient therapy. The 
patients had to have complaints of dizziness and/or balance problems.  All patients were 
volunteers for the study. During the initial evaluation, a licensed physical therapist 
obtained a history and determined if the patient was appropriate to participate in this 
research. The therapist acquired consent and proceeded to administer the Bohannon 
Timed Stance Battery (BTSB), Berg Balance Scale (BBS) and the Dynamic Gait Index 
(DGI) (see appendix 1-3).  The patient was given the following questionnaires to fill out: 
The Activities Specific Confidence Scale (ABC), Dizziness Handicap Inventory (DHI) 
and the Vestibular Disorders Activities of Daily Living Scale (VADL) and Fear of 
Falling Avoidance-Behavior Questionnaire (FFABQ) (see appendix 4-7).  If they were 
unable to fill them out independently, a family member, caregiver or therapist could 
assist them with the questions and responses.  These standardized assessment tools were 
used to determine the patients’ current level of function and presence of vestibular 
deficits. A coin was flipped to determine if the first patient would receive ear filters 
during the evaluation and be considered the immediate group or receive them in one 
week and be part of the delayed group. From that point on, patients were alternated 
between starting the use of the ear filters upon evaluation or one week later.  The ear 
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filters used were Etymotic ER 20 Hi-Fi Natural Sound Ear Plugs. The ear filters allow 
one to hear all frequencies clearly, but at a lower volume.  All patients were assessed over 
a six week period following group allocation. They were all assessed (pre-treatment), 
three weeks later (post-treatment), and again three weeks later (6 weeks post-treatment). 
Treatment was consistent from patient to patient, regardless of when they started using 
the ear filters, by using various vestibular exercises using balance boards, uneven 
surfaces, and provocative positions. The participants were given the following 
questionnaires after six weeks: ABC, DHI, VADL, and FFABQ. 
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OVERALL STUDY DESIGN 
Tests and measures 
The physical dynamic balance tests utilized included Bohannon Timed Stance Battery 
(BTSB), the Balance Berg Scale (BBS), and the Dynamic Gait Index (DGI). The BTSB 
was assessing stationary single leg and double leg stance eyes open and eyes closed. The 
BBS assessed dynamic and static balance. The DGI assessed the ability to modify 
balance while walking in the presence of external demands during administration. 
Evidence supports the DGI for vestibular symptoms because of the head movements 
during gait.11  
 
The questionnaires given were the Vestibular Disorders Activities of Daily Living Scale 
(VDAL), Activities Specific Confidence Scale (ABC), Fear of Falling Avoidance-
Behavior Questionnaire (FABQ), and Dizziness Handicap Inventory (DHI).  The VADL 
assesses higher levels of impairments for those diagnosed with vestibular disorders.12 The 
ABC subjectively measures confidence in performing various ambulatory activities 
without falling.13 The DHI assesses physical and emotional consequences of a vestibular 
disorder.14 The FABQ was used to address fear-avoidance beliefs for those diagnosed 
with vestibular disorders.15  
 
After the BSBT, DGI and BBS tests were administered, plan of care was established by 
using the patients’ scores and the limiting factors found in the tests. Vestibular 
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rehabilitation was implemented for the six weeks of treatment with a reassessment at the 
three week interim. The VDAL, ABC, FABQ and DHI were given again at the end of the 
six week treatment for self reassessment.  
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RESULTS 
All results of this pilot study should be interpreted with caution since there were not 
enough subjects to perform an appropriate mixed factorial analysis; however, they do 
give an indicator of the probable effect sizes to power a future study. 
Berg Balance Scale (BBS) 
A 2 (group: immediate and delayed) X 3 (time: pre-treatment, post-treatment, 6 weeks 
post-treatment) mixed factorial ANOVA revealed no significant interaction between the 
variables for BBS, F(2,8)=.726, p=.444, power=.134 (Table 1).  Likewise, there was no 
main effect for time (p=0.123) or group (p=0.296) (Graph 1). 
Bohannon Timed Stance Battery (BTSB) 
A 2 (group: immediate and delayed) X 3 (time: pre-treatment, post-treatment, 6 weeks 
post-treatment) mixed factorial ANOVA revealed no significant interaction between the 
variables for the BTSB, F(2,8)=.050, p=.952, power=.055 (Table 2).  Likewise, there was 
no main effect for time (p=0.164) or group (p=0.231) (Graph 2). 
Dynamic Gait Index (DGI) 
A 2 (group: immediate and delayed) X 3 (time: pre-treatment, post-treatment, 6 weeks 
post-treatment) mixed factorial ANOVA revealed no significant interaction between the 
variables for the DGI, F(2,8)=1.691, p=.244, power=.258 (Table 3).  There was a 
significant main effect for time suggesting that all subjects regardless of group improved 
over time, p=0.043.  They did not improve pre-treatment to post-treatment (p=0.348) but 
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did from the pre-treatment to 6 weeks (p=0.018) (Table 4).  There was no main effect for 
group (p=0.304) (Graph 3). 
Fear of Falling Avoidance Behavior Questionnaire (FFABQ) 
A 2 (group: immediate and delayed) X 2 (time: pre-treatment, post-treatment) mixed 
factorial ANOVA revealed no significant interaction between the variables for the 
FFABQ, F(2,8)=.060, p=.822, power=.054 (Table 5).  Likewise, there was no main effect 
for time (p=0.315) or group (p=0.148) (graph 4). 
 
Activities Specific Balance Confidence Scale (ABC) 
A 2 (group: immediate and delayed) X 2 (time: pre-treatment, post-treatment) mixed 
factorial ANOVA revealed no significant interaction between the variables for the ABC, 
F(2,8)=.544, p=.502, power=.089 (Table 6).  Likewise, there was no main effect for time 
(p=0.194) or group (p=0.214) (Graph 5). 
Dizziness Handicap Inventory (DHI)A 2 (group: immediate and delayed) X 2 (time: 
pre-treatment, post-treatment) mixed factorial ANOVA revealed no significant 
interaction between the variables for the DHI, F(2,8)=.176, p=.715, power=.058 (Table 7).  
Likewise, there was no main effect for time (p=0.541); there was, however, a difference 
between groups (p=0.025)(Table 8) (graph 6). 
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DISCUSSION 
The results did not demonstrate that there is a difference with the use of ear filters. This is 
mainly due to inconclusive data. Only ten participants’ data were examined and not all 
questionnaires were returned prior to discharge or the six week time period. Two 
participants did not finish the study because they discontinued therapy. What is 
interesting is that the questionnaire data does not indicate subjective improvement, but 
the subjects stated improvements to the therapist. They self-reported an increase in 
steadiness, able to participate in everyday activities with greater ease, less likely to fall 
and decrease in the feeling of dizziness. Therefore, was a decrease in sensory overload 
allowing them to fully engage and get the most out of their vestibular rehabilitation? The 
self-reported questionnaires could also be misleading due to TBI patients’ ability to 
provide accurate information or fully participate in daily activities during the initial part 
of their recovery. They may lack awareness of participation. As they recover and are able 
to increase participation, self awareness increases and the sense of what they are able to 
do or not do is broadened. Their scores may drop in the questionnaires at the end of six 
weeks.  A TBI requires more brain energy to accomplish tasks now compared to before 
the injury. As the patient starts to realize how much energy is spent on daily tasks they 
may not feel as confident on some of the tasks as before because of the increased energy 
required to complete them.     
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With positive subjective results on balance and the research backing a decrease in 
sensory overload, a physical therapist could prescribe over the counter ear filters for a 
patient diagnosed with a TBI.  This would be similar to a physical therapist prescribing 
over the counter orthotics.  Superfeet®, an over the counter orthotic, is often prescribed to 
adjust for faulty foot mechanics. Superfeet® are inexpensive orthotics that can be tried 
before or in place of custom orthotics. An assessment can then be made of whether or not 
the patient tolerates the orthotic, if their symptoms decrease and if a correction is made. If 
the orthotic works, then maybe a custom orthotic can be prescribed. This can be a cost 
effective trial, as custom orthotics can be expensive. This same principle can be applied 
to over the counter ear filters. The cost is under twenty dollars for a simple device that is 
known to decrease sensory overload for TBI patients and is reported subjectively to 
improve balance and decrease dizziness. Of course, if the over the counter ear filters 
work, custom ear filters could be explored.  
 
Only one of the three tests really captured vestibular deficits in this population. The DGI 
tested true vestibular deficits with movements of the head and gait, which are more 
realistic to functional tasks.  It was easier to develop a treatment plan by utilizing the DHI. 
The BTBS and BBS were not as sensitive to this population. Recommendations of using 
the DGI would be more efficient for this population if only one test was being used to 
evaluate progress or developing an individual treatment plan.  
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A future study would include longer duration between testing for the use of the ear filters 
and delayed use.  One week difference did not allow enough time to conclude if there is a 
difference with or without the use of ear filters. Also with time being such a crucial 
element to a healing brain, a six week study may not be long enough to test whether 
progress is seen for the use of ear filters. TBI patients are frequently treated for several 
months and possibly years. With this increase of treatment duration, testing could be 
prolonged into months instead of weeks. Another possible addition to make this type of 
study more objective is to include audiology testing and a NeuroCom. Both are relatively 
important in vestibular testing and would give objective data to support findings. 
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CONCLUSION 
This study suggests a possible treatment option for those diagnosed with TBI and have 
vestibular symptoms. Use of ear filters has been shown to decrease sensory overload for 
TBI patients. The research by speech and language pathologists on the use of ear filters to 
decrease sensory overload for those diagnosed with a TBI are currently being prescribed 
by those disciplines. Although the data is inconclusive on whether a difference is 
measured for balance and dizziness, physical therapists could prescribe over the counter 
ear filters for sensory overload. If a physical therapist was not practicing in a trauma 
clinic, where a speech and language pathologist would normally prescribe ear filters, the 
physical therapist could prescribe ear filters as Best Practice.  The functional value of 
using a simple device could be a powerful tool for patients recovering from a TBI who is 
having vestibular symptoms. 
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Table 1     
 Ear filter group Mean Std. Deviation N 
BBS pre Ear filter 51.33 3.215 3 
 Ear filter delayed 45.33 9.815 3 
 Total 48.33 7.312 6 
BBS post Ear filter 54.00 1.732 3 
 Ear filter delayed 53.67 1.528 3 
 Total 53.83 1.472 6 
BBS post6 Ear filter 55.33 1.155 3 
 Ear filter delayed 54.00 1.732 3 
 Total 54.67 1.506 6 
 
A mixed factorial ANOVA between variables (pre-treatment, post-treatment and six 
weeks post treatment) utilizing BBS. F(2,8)=2.26, p=.444, power=.134 
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Graph	  1	  
 
 
Main effect for time or group for variables (pre-treatment, post-treatment and six weeks 
post treatment) utilizing BBS. Time (p=0.123), Group (p=0.296) 
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Table 2     
 Ear filter group Mean Std. Deviation N 
Bohannon pre Ear filter 403.6667 80.58743 3 
 Ear filter delayed 355.0000 136.70040 3 
 Total 379.3333 103.84155 6 
Bohannon post Ear filter 469.3333 27.30079 3 
 Ear filter delayed 424.3333 48.21134 3 
 Total 446.8333 42.84118 6 
Bohannon post6 Ear filter 492.0000 41.61730 3 
 Ear filter delayed 423.6667 46.49014 3 
 Total 457.8333 54.38903 6 
 
A mixed factorial ANOVA between variables (pre-treatment, post-treatment and six 
weeks post treatment) utilizing BTSB. F(2,8)=.050, p=..952, power=.055 
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Graph	  2	  
 
A mixed factorial ANOVA between variables (pre-treatment, post-treatment and six 
weeks post treatment) utilizing BTSB. Time (p=0.164), Group (p=0.231) 
 
 
 
 
 
 
 
 
 
 
 
   
  
  
 
 
  
 
20	  
Table 3     
 Ear filter group Mean Std. Deviation N 
DGI pre Ear filter 17.33 4.619 3 
 Ear filter delayed 14.67 2.517 3 
 Total 16.00 3.633 6 
DGI post Ear filter 19.33 4.041 3 
 Ear filter delayed 20.00 3.606 3 
 Total 19.67 3.445 6 
DGI post6 Ear filter 23.00 1.732 3 
 Ear filter delayed 18.00 2.000 3 
 Total 20.50 3.209 6 
 
A mixed factorial ANOVA between variables (pre-treatment, post-treatment and six 
weeks post treatment) utilizing DGI. F(2,8)=1.691, p=.244, power=.258 
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Table 4     
time Mean Std. Error 
95% Confidence 
Interval  
   Lower Bound Upper Bound 
1 16.000 1.518 11.784 20.216 
2 19.667 1.563 15.326 24.008 
3 20.500 .764 18.379 22.621 
 
Main effect for time or group suggesting improvement utilizing DGI. (p=0.043) 
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Graph	  3	  
 
Main effect for time or group for variables (pre-treatment, post-treatment and six weeks 
post treatment) utilizing DGI. (p=0.304) Improvement from pre-treatment to six weeks 
p=0.018 
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Table 5     
 Ear filter group Mean Std. Deviation N 
FFABQpre Ear filter 25.50 16.263 2 
 Ear filter delayed 39.33 10.408 3 
 Total 33.80 13.330 5 
FFABQpost6 Ear filter 18.00 7.071 2 
 Ear filter delayed 28.00 9.539 3 
 Total 24.00 9.381 5 
 
A mixed factorial ANOVA between variables (pre-treatment, post-treatment and six 
weeks post treatment) utilizing FFABQ. F(2,8)=.060, p=.822, power=.054 
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Graph	  4	  
 
Main effect for time or group for variables (pre-treatment, post-treatment and six weeks 
post treatment) utilizing FFABQ. Time (p=0.315), Group (p=0.148) 
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Table 6     
 Ear filter group Mean Std. Deviation N 
ABC pre Ear filter 58.333 22.0912 3 
 Ear filter delayed 33.325 27.2977 3 
 Total 45.829 26.0941 6 
ABC post6 Ear filter 68.950 19.3890 3 
 Ear filter delayed 63.008 7.3905 3 
 Total 65.979 13.5208 6 
 
A mixed factorial ANOVA between variables (pre-treatment, post-treatment and six 
weeks post treatment) utilizing ABC. F(2,8)=.544, p=.502, power=.089 
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Graph	  5	  
 
Main effect for time or group for variables (pre-treatment, post-treatment and six weeks 
post treatment) utilizing ABC. Time (p=0.194), Group (p=0.214) 
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Table 7     
 Ear filter group Mean Std. Deviation N 
DHI pre Ear filter 46.00 28.284 2 
 Ear filter delayed 93.50 .707 2 
 Total 69.75 31.920 4 
DHIpost6 Ear filter 41.00 15.556 2 
 Ear filter delayed 75.00 12.728 2 
 Total 58.00 22.804 4 
 
A mixed factorial ANOVA for immediate and delayed variables DHI. F(2,8)=.176, 
p=.715, power=.058 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
   
  
  
 
 
  
 
28	  
Table 8     
Ear filter group Mean Std. Error 
95% Confidence 
Interval  
   Lower Bound Upper Bound 
Ear filter 43.500 4.627 23.593 63.407 
Ear filter delayed 84.250 4.627 64.343 104.157 
 
Difference between groups for immediate and delayed variables of DHI time (p=0.541) 
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Graph	  6	  
 
Main effect for time or group for immediate and delayed for DHI (p=0.25) 
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